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CNTERPRETATION  OF REFRACTIVE CONDITIONS IN
THE PERIPIIERAL  FIELD OF VISION

A FURTIUER sTUDY

C. I FERREE, Pu.D,
AND
G. " RAND, - Pu.D.

RALTIMORE

In o former paper® an apparatus and- method were described for
refracting the cve for the peripheral tield of vision, and curves were
given: showing the refractive situation for eighteen cases. 1It'is our
purpose 1 the present paper to make a more comprehensive analysis
than was given in that paper of the type of fuformation about the cye
that may be abtained by studying the refractive situation from the
center to the periphery of the field,  Some of this information, so far
as we know, can be obtained in no other way of studying the eye that
has as yet heen described. ' __ S

The two most important factors in the ametropia for the peripheral - -
field are (1) the effect of the oblique incidence of the rays of light
from objects in the peripheral field on the clearness of the_:iaﬁﬁ‘é,i ;
formed, and (2) the effect of size and shape of the eyeball and' of
anomalies and irregularities in the conformation of the retina on the R
distance of the percipicnt elements from the nodal point of the refract- U
ing system.  With reference to the first of these two factors, it will -
be remembered that clear images are formed by lenses only wheén the
object to be imaged is located on the principal axis of the lens. When
the object is displaced from the principal axis, a distortion of the image
occurs which varies in amount with the angle of displacement of the
object or with the angle of incidence of the light on the lens. In gen-
eral, the effect of varying the angle of incidence is that of adding a
weak plus sphere and a strong plus cvlinder with its axis at right angles
to the plane of incidence. The major effect is thus to create a strong
astigmatism. A simiple formula for this effect in the two meridians

may he expressed as follows: 2 _
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From the Research Lahoratory of Physiological Optics, Wilmer Ophthal-
mological Institute, Johns Haopkins Medical School. )
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Field of Vision, Arch. Ophth. 5:717 (May) 1931 :

2. Laurence, 1..: General and Practical Opt < Tordan The Orthos Press,
1908, p. 163: od. 3, 1920, p. 245,
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In these formulas, # represents tise focal length of the lens in ques-
tion; F,, the focal length in the plane of least refractive power; 1,
the focal length in the plane of greatest refractive power; a, the angle
of incidence of the light ; b, the angle of refraction at the first surface,
and g, the refractive index of the len~ In both planes, then, the image
is brought nearer to the lens in the plane of the obligue incidence and
very much nearer in the plane at right angles to it. The refractive
effect for the eye would thus be a comparatively small amount of
myopia compounded with a strong myopic astigmatism, the amount of
both defects varying with the angle of incidence.  The effect on vision
is modified, however, by the fact that the distance of the retina from
the nodal point.of the refracting syvstem decreases rapidly as the dis-
tance from the fovea is increased. In the greater number of emme-
tropic eyes the effect of this is to bring the rctina between the foci in
the two planes or to cause a mixed astigmatism which increases in
diopter value as the periphery of the retina is approached.

As a result of the possible combinations of the factors, length of
eyeball, shape of eyeball and strength of refracting system, however,
many situations may occur. The possible variations in the shape of
the eyeball depend on the relation of the length of the polar to the
equatorial axis. If these axes are approximately equal in length, the
shape of the eyeball is approximately spherical; if the polar axis is longer

than the equatorial, the shape tends toward an ellipsoid; and if the

equatorial is longer than the polar, the variation in shape is toward
an oblate spheroid. If the variation is toward an ellipsoid, a tendency
toward hyperopia is exerted in the peripheral field; if toward an oblate
spheroid, a tendency toward myopia. The influence of a strong refract-
ing system is toward myopia; also, it tends to increase the difference
between the length of focus in the two planes as the periphery is
approached, and therefore to increase the astigmatism due to the angle
of incidence of the light. The influence of a long eyeball is in general
toward myopia and a short eyeball toward hyperopia. Any number
of combinations of these factors and of variations (in the relative
importance of their influence. may occur,

The following examples may serve to illustrate some of the possi-

bilities and their effect on the refractive situation in the peripheral
field : ' |

1. In an emmetropic eye with a strong refractive system and an
eyeball approximately spherical and long enough to render the eye
emmetropic for central vision, the focus in one plane would be in front
of the retina and in the other behind it, and a strong mixed astigmatism
would be found.

o



2. In an emmetropic eye with a weak i-t;fractihg system and a corre-
spondingly. long eyeball, oval or cllipsoidal, the facus in both planes

. might fall behind the retina for all or a greater part of the peripheral
field and a compound hyperopic astigmatism occur. :

3. In an emmetropic cve ‘with a strang refracting system and a
proportionately shortcyeball of the shape of an oblate spheroid, both _
foci might fall betwcen the retina and the lens for the more remote
parts of the field and a compound myopic astigmatism be found.

4. In hyperopic ametropia with a weak refracting system and an
ellipsoidal eyeball, the amount of hyperopia may increase in hoth planes
as the periphery of the field is approached ; and in myopic ametropia
with a comparatively weak refracting system and an elongated ellipsoidal
eyeball, the amount’ of myopia may decrease in both planes as the
periphery of the field is approached. This characteristic influence of
the ellipsoidal shape in combination with a weak refracting system
toward hyperopia in the periplieral field is doubtless the determinative
factor in the eyes classed as type B in our former paper.

5. In hyperopic ametropia with a short eyeball shaped to resemble
an oblate spheroid, the defect may change to myopia at some point
in the peripheral ficld. This shape of eyeball rarely if ever occurs in
connection with miyopia. If it does, the effect is to increase the myopia

-toward the periphery of the field.

In the foregoing characterizations as to shape, it should be remem-
bered what slight deviations toward an ellipsoid or an oblate spheroid
are required to produce several diopters of effect in connection with
a refracting system as strong as that which is present in the eye. Such
results as we have obtained do not require at all marked variations in
the shape of the eyeball for their explanation in terms of the principles
which have been noted. From the data we have obtained in a study
of the refraction for the peripheral field, certain cases have been selected .

- to illustrate well marked situations that occur. The results for these
cases have been plotted in the form of curves. These curves are shown
in charts 1 to 4. In the charts, the results for the horizontal plane,
the plane of incidence of the light, are plotted as a solid line; for
the vertical plane, the plane at right angles to the plane of incidence’
of the light, as a broken line. Degrees of eccentricity are plotted along
the horizontal coordinate and diopters of refractive. defect along the
vertical coordinate. The condition nf no refractive defect is repre-
sented by a horizontal line drawn through the center of the chart.
Diopters of hyperopia are plotted above this line along the vertical
coordinate: diopters of mvopia, helow it. The diopters of hyperopia
and myopia are expressed in terms of corrections needed, plus and
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minus, respectively.  The value of the interval of Sturm can be read
shong the vertical coordinate at corresponding points between the solid
and the broken lines. '
For the interpretation of the curves, the following points may be.
noted : ' .
1. The relation of both curves to the base line' of the chart indicates
the type of astigmatismi that is present in the peripheral field. If both
are above the base line, the astigmatism is compound - hyperopic; if both
are below, the astigmatism is compound miyopic; {f one is above and
the other is below, a mixed astigmavsm is present. The interval
between the two curves represents at the various points the diopter
value of the astigmatism, the interval of Stuem.

2. The curve drawn as a broken line gives information as to the
shape of the eyeball. That is, this curve represents the refraction
in the vertical plane at the various points examined, and the refraction
in this plane is not strongly affected by the angle at which the exami-
nation is made. The distance of the retina at the various points from
the nodal system of the refracting syvstem is, therefore, dominantly
determinative of the shape of this curve. :

\3. The breadth of the interval of Sturm, particularly the rate of its
incredse_together with a comparison of the shape of the curves for
the horizohtal and vertical planes, gives important information as to
the strength of the refracting system.  “This is due to the great effect
of the strength of the refracting system on the rate of shortening of
the focus for the obliquely incident ravs in the horizontal as compared
with the vertical plane,

4. A comparison of the breadth of the interyal of Sturm in the
teuporal and nasal halves of the field gives information as to whether
there is an asymmetry in the refractive situation for these two halves
of the field; and a comparisou of the shape of the curves for the
harizontal anil vertical planes, information as to whether the asynunetry,
when present, is caused dominantly by the refracting system, ¢, g, a
tilting of the lens, or by some peculinrity in the conformation of the
retina or in the shape of the eveball. '

5. A consideration of the strength of the refracting svstem in relation
to the refractive condition at the center of the field gives information
as to the length of the eyehall.

‘ RESULTS

. Chart 1 shows approximate emmetropia in four cases—two with
mixed astigmatism of different amounts in the peripheral field, one with
a compound hyperopic astigmatism and one with a compound myopic
astigmatism. : :




Chart 1.1 shows a high mixed astigmatism in the peripheral field,
~An inspection of the (i representivg the refraction in the vertical
plane indicates an apy roxmateh sphetical eveball.  The interval of
Sturm is broad. but not unusually =0, and svimetrical in the two halves
of the field; therefore, the refracting svstem presumably is of medium
strength with no asymmetry,  Shice the eve is emmetropic at the center
of the field and the refracting system s of medium strength, the
eycball may be assumied to be of medium length, 1In this case, therefore,
the indications are: a refracting system of medium strength, sym-
metrically placed with reference o the axis of the cye, an cveball of
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Chart 1.—Four cases of emmetrepia, twe witl imixed astigmatism of different
amounts in the periplieral Leld, vne with 2 compound hyperopme astigmatism and
one with a compound niyepic wstigmatism: ., right eye, without cycloplegia,
type A; B, right eye, with eycloplepya, tvpe A O leit eye, without cycloplegia,
type I D), right eve, without evieplegia, tipe A,

medinm lcngth,"approximmc!y spherical in shape. @il a <vmmetrical
conformation of ‘the retina.

Chart 15 shows a low mixed astiginatixm in the peripheral field.
Again, it may be inferred from the curve fov the vertical plane that
the eyehall is approximately spherical. Fhe intcval of Sturm is, how-
ever, not so broad as in chart 1.4 The
weaker refracting svstem and, sinee = v wprosaately enimetropic
for central vision. a. corresportp L

mdieation. are, therefore, a

The refraction

e ly L
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seems to he practically syrimetrical for bath halves of the field; there-
fore nothing unusuai i~ to le suspected with reference to the placement
/ of the lens and action o: the refracting system or in the conformation of
S the retina and shape or the eyebail, ‘
Chart 1 ¢ shows compound hyperopic astigmatism in the peripheral
field.  The shape of the curve for the vertical plane and the high
diopter. value of the hyperopin in the far periphery of the field indicate
in this-case a tende «y toward an cllipsoidal eycball.  The interval of
Sturm is parrow and de reases in breadth as the periphery of the ficld
is approached. X pronunent feature of this case also is the fact that
‘the curve for the horigrnl plase i~ concaved upward in the peripheral
field, the pitch of the curve Leing quite steep in the more remote
peripheral portions of the fiwld. This is doubtless a combined effect
of weak refracting system and of au ellipsoidal eveball. -A weak refract-
ing system in connection with approximately emuietropic vision at the
center of the field indicates an eyeball which is more than usually long.
The refractive situation in both halves of the field seems to be practically
symmetrical. In terms of the principles stated earlier in the paper, the
picture here, then, iis that of an emmetropic cye with an elongated,
ellipsoidal eyveball, a weak refracting system and practically no refractive
asvmmetry in the two halves of the field, .
Chart 1D represents an eye approxitmately emmetropic for the center
of the field and with a compaund myopic astigmatism in. the greater
part of the peripheral field. The curve for the vertical plane is broad
and flat and but little concaved upward. The indication of this is an
eyeball flattened at the back, with a shape tending toward that of an
oblate spheroid. The curve for the horizontal plane is also compara-
tively broad and flat and coucaved dowaward, giving in relation to
the curve in the vertical plane a representation of compound myopic
astigmatism with the rule in the near peripheral field and against the
rule in the far peripheral field. The interval of Sturm is rather

fairly symmetrical in the two halves of the field, indicating little if any
refractive asymmetrv. Since the eyc is approximately emmetropic for
the center of the field and the refracting system somewhat weak, a
- rather long eyeball may be inferred. This chart seems to represent
an emmetropic eye with a weak refracting system and a correspondingly
long eyeball of a shape tending toward that of an oblate spheroid,
and w}th comparatively little refractive asymmetry,
Chart 2 represents two cases of ametropia in which the curves for
both the vertical and horizontal planes are concavel upward ; that is,
the change toward the periphery of the fickl in both planes is in the
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narrow, indicating a comparatively weak refracting svstemm., It is also .
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~that this asynmietry may be due

direction of hyperopia.  In the first Of these, chart 2.4, the eye has
a low degree of hyperopia in the center of the field which increases
quite sharply in both planes toward the periphery, but more sharply
in the vertical than in the horizontal plune, thus causing a compound
hyperopic astigmatism, The shape of the curve in the vertical plane
indicates a somewhat cllipsoidal eveball, The curve for the horizontal
plane follows closely on a broader scale the curve for the vertical plane.
The interval of Sturm is ‘narrow, indicating that the refracting system
is weak. It is also symmetrical {u the two halves of the field. Since
the eye is hyperopic at the center of the field and the re
is. weak, the inference is that the eyeball is short,
tive features of this eye, then, may be summarized as follows : simple
hyperopia in the central field changing to compound hyperopia toward
the periphery of thg field; a weak refracting system; a short, ellip-
soidal eyeball, and no refractive asymmetry in the two halves of the

fracting system
The important refrac-
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Chart 2—Two cases of ametropia in which the chan
field is in the direction of hyperopia: .4, right eye,
right eye, without cycloplegia, type B. '

ge in the periphery of the
with cycloplegia, type B; B,

In the eye represented iy cliart 2 B, a fairly high but unequal degree
of myopia is present in botl; planes at the center of the field. Toward
the periphery of the field the myopia decreases sharply in both planes,
but the amount of the. astigmatism increases. The curve for the
vertical plane indicates that the cveball is quite stremgly ellipsoidal.
The interval of Sturm js narrow, from which it may be Inferred that the
refracting system is weak, at feast not uniduly strong, and that elongation
of the eyeball is the determinative factot jn the eve's myopic condition.
A comparison of the breadli of the interval of Sturm in the two halves
of the field shows some refractive asymme

try, and a comparison of
the shape of the curves for the horizomal

and vertical planes indicates

hoth 1 the refracting svstem and to
the conformation of the retina or <shape of the eveball. The refractive

features of the cve are, then, compownul myapic astigmatism at the
center of the field with 5 change toward a lower value of mvopia and )




higher value of astigmatism toward the periphery of the field, a weak
refracting system, au elongate! ellipsoidal cyeball and a comparatively
small amount of refractive asymunetry in the two halves of the field.
Chart 3 represents aselection of three cases from a group of cascs
of ametropia. " In 1 is represented an eye which has 2 diopters of
" myopia at the center of the field and a slight astigmatism. Toward
the periphery of the field this changes into a high value of compound
‘myopic astigmatisin and finally into a still higher value of mixed astig-
matism. The curve for the vertical plane indicates that the eye is
strongly ellipsoidal. Toward the far periphery of the field the interval
of Sturm is broad, but the shape of the curve for the vertical plane
indicates that the shape of the eveball plays a more important part in
this than has been the casc in the emmetropic and weakly ametropic eyes
which we have thus far been considering. This is, of course, in con-
formity with the views that are usually held of the morc strongly
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Chart 3.—A miscellanecus selection of three cases of ametropia: .1, right eye,
without cycloplegia, type A; K, right eye, with cycloplegi, type A ; C, right eve,
with cycloplegia, type A. : e

‘myopic eyes. The refracting system is probably not uaduly strong
in' this case. An elongated eveball is therefore indicated.  Doth the .
breadth of the interval of Sturm and the shape of the curves for the
horizontal and vertical planes indicate that some refractive asymmetry is
present in the two halves of the field. The chart thus represents an
eye which has a simple myopia at the center of the field. a compound
myopic astigmatism in the paracentral field and a mixed astigmatisin
in the far peripheral field; the eyehall is unduly long and ellipsoidal ;
the refracting system is medium or strong, and there is some refractive
asymmetry in the two halves of the field.

Chart 3 B represcnts an eye which is strongly hyperopic in the
horizontal plane and emmetropic in the vertical plane at the center of ‘
the field, and hyperopic in the vertical plane and myopic in the hori-
zontal plane in the far peripheral field. An analysis and Interpretation
of the data for such an eye are, of course, difficult to make. That
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is, so far as the refractive situation is concerned, an astigmatism rep-
resents two types of eye compounded into one. However, the data
may contribute somcthing helpiul to the better understanding- of the
eye in question. The shape of the curve for the vertical plane is broad
and flat, indicating an eye of the oblate spheroid type. The interval
of Sturm is broad, and the curve for the horizontal plane is sharply
concaved downward. Since the horizontal is the weaker refracting
plane of this eye and there is a strong effect of increase of angle of
; incidence in this plane, it does not seem probable that the refracting
g ' system can be weak. There is little refractive asymmetry in the two
i halves of the field. The indications are, then, a short eyeball of the
oblate spheroid type, a comparatively strong refracting system having
,% less refracting power in the horizontal than in the vertical plane and
: - practically no refractive asytiimetry. “

Chart 3 C represerts an eye hyperopic at the center of the field
but nch more hyperopic in the horizontal than in the vertical plane.
Toward the periphery of the field the hyperopia decreases rapidly in
both plaues but more rapidly in the horizontal than in the vertical
plane, changing in turn into a compound myopic astigmatism. with the
rule and a compound myopic astigmatism against the rule. The curve
for the vertical planc is concaved downward instead of upward, as
has been the case for all the other eves which we have as yet had
under consideration, and crosses the hase or emmetropic line at an
eccentricity of about IS degrees in the nasal field and 30 degrees in
the temporal field. That is, from these points on toward the periphery
of the field the focus in this plane falls between the retina and the
nedal point of the refracting system instcad of bevond it. Since the
length of the focus is net strongly affected by the angle of incidence in
this plane, the change frum hyperopia to myopia at these points in the
field would scem te indicate for this cve a decided deviation in shape
toward an oblate spheraid.  The curve for the . horizontal plane is
sharply concaved downward, and the interval of Sturm is fairly broad.
Since the horizontal is the planc of weaker refracting power, this again,
1 as in chart 3.B, would seem to indicate that the refracting system
cannot be weak. As in chart 38 there is here also little refractive
asymretry in the two halves of the field, The characteristics for this
eye seeri in general to be very <imilar to those for the eye represented
'in chart 3 B, namely. a shor evebudl, ohlate spheroid in type, a fairly
strong refracting sveten and fittle refractive asymmetry. The deviation
in shape toward an oblate spheroid hawever, is probably considerably
greater than in case of the eve represented in chart 3 B.#

SRR XS SN

3. Tt is interesting tee vote flut 38 el € represent the cves of hrathers, 11
and 13 years of age, respective.y.
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. Chart 4 represents cases sclected from a group showing a pro-
nounced refractive asymmetry in the two halves of the field. These
cases are comparatively infrequent, but they may be found in course
of time in any clinic. As was pointed out in the former paper, it is
chiefly for the hetter understanding of, and more intelligent treatment
in, these cases that there is a practical need for studying the refractive
situation in the peripheral field. In chart 4 ¢ the asymmetry may
sustain a causal relation to the ocular deviation which was found to
be present. In the other two cases the character of the asymmetry
is not such as to lead us v suspect any considerable effect on the muscle
balance of the two eves.

Chart 4 4 represents the superimposition of an asymmetry on an
eye which seems otherwise to be of the type shown in charts 1.4 and B.
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Chart 4—Three cases having a pronounced refractive asymmetry in the two
halves of the peripheral field: A, right cye, without cycloplegia, type C; B, right
eye, without cycloplegia, type C; C, left eye, type C, extreme presbyopia, no accom-
modation, '

The curve for the vertical plane is concaved upward and has a hreadth
and shape that would indicate that the eve is probably of the spherical
type. The interval of Sturm is of medium breadth, 'which would -
indicate a refracting system of medium strength.  Since the eye is
emmetropic for the central field, it may be inferred that the eyeball
is correspondingly of medium length. A comparison of the breadth
of the interval of Sturm for the two halves of the field together with
the shape of the curves for the horizontal and vertical planes for these
halves of the field indicates that the asymmetry is in all probability
due primarily to the refracting system, e. g., to a tilt of the lens toward
‘the temple. This would increase the angle of incidence for the nasal
field and decrease it for the temporal field, and cause comparatively




a corresponding amount of i focus in the. fiasal field
and lengthcning of it in the temporal field. Under test, this case showed
practically no nwscle imbalance. Ap inspection of the chart shows ng-
reason for suspecting a muscle imbalance, so far as the refractive
situation centrally ang peripherally ig concerned. That is, the eye is
" nearly ¢mmetropic at the center of the field, and no deviation in-either
direction could be expected to improve the refractive condition,

In chart 4B js shown a case of high myopia complicated with g
Pronounced refractive asymmetry in the two halves of the field. The
curve for the vertical plane is narrow and strongly concaved upward,
Also, the apex of the curve is displaced 20 degrees to the nasal side
of the center. Fhe curve would seem to indicate an elongated narrow

- eyeball, the posterior .half of which is strongly ellipsoidal and asym-
metrical. The curve for the horizontal plane is also concaved upward
with its apex displaced about 35 degrees to the ngsal side of the center
of the field, At this point the valye of the myopia is 11.5 diopters,
From here the myopia decreases sharply and becotnes 1.5 diopters
at 65 degrees. At the center of the field the myopia has a value of 5.5
diopters, and at 45 degrees to the temporal side of the center, 3.5
diopters. The interval of Sturm is comparatively narrow,. byt broader
on the nasal than o the temporal side. The shape of both curves and
both the breadth and the shape of the zone representing the interval of
Sturm indicate that the shape of the eyeball is the dominant factor
in both the myopia and the refractive asymmetry. “The test both with
the Maddox rod and with prisms showe 10 prism diopters of exophoria,
When fixation was taken with the right eyve alone, a deviation of 20
degrees towar the temple was shown, Measurements of the cornea

“showed no asymmetry, and the valie of the curvature in both meridians
fell within the normal rage. Sucly dssnunetry of action as there may
have heen in the refracting system was probably dye, therefore, to the
lens, e.g, toatlt or inclination of the lens toward the temple. The
color felds for red and blue, 1 degree stimuh, showed 3 ‘contraction
in the upper half. The field for 1 degree green was very small, The
ocular deviation in this case was probably due to the high degree of
myopia. Refractive asymmetry apparently had little o nothing to do
with it. This may he inferred from the fact that when the myopia
at the center of (he field was corrected, g deviation practically dis-
appeared and by the fact that a deviation of the eve either temporalward
or nasalward could not hive heen exprected to render any cffective
service in clearing up the defectyve imagery, :

In chart 4 ¢ s shown a refractive dsymmetry superimposed on an
eye of the type represented in chary 35 At the center of the field
there was a high compound hyperopic astigmatisin, 3 thopters in the
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vertical and 4.5 in the herizontal lane. o the nasal field in the vertical
plane there was little chaunge in the hyperopia as far from the center

- as 50 degrecs. In the wemporal field it had decreased to 0.5 diopter.
at 25 degrees and was 1 diopter ut 30 degrees, In the nasal field in
the horizontal plane it decreased to zero at 38 degrees, and at 50 degrees
there.was 4.5 diopters of myopia. In the temporal field the hyperopia
decreased to zero at 25 degrees, and at 50 degrees there was 7 diopters
of myopia. It is significat to note that the neatest approach to emme-
tropia came at 25 degrees from the center in the nasal field. The
defect here was 0.8 dinpter of simple hyperopic astigmatism.

The shape of the curve for the vertical plane is broad and flat and
tilted downward in the temporal field and slightly upward in the nasal
field. It is slightly concaved downward around the center of the
field, but not in the more remote periphery. These facts would indicate
a shape of eyeball tending toward that of an oblate spheroid, also
probably some ‘asymmetry of shape. The curve {or the horizontal
plane is sharply concaved downward. Also, the interval of Sturm is
broad. Since the refracting power in the horizontal plane is 1.5 diopters
‘weaker than in the vertical plane, it can be inferred from the sharpness
of the concavity of the horizontal curve downward together with the
breadth of the interval of Sturm that the refracting system is com-
paratively strong; at least it is not weak. Shortness of eyeball is
probably, therefore, a strong if not the dominant factor in the hyper-

opia at the center of the field. The total picture presented by the

curves for the horizontal and vertical planes and the zone representing
the interval of Sturm indicates that the refractive asymmetry may.
- be due to either shape of cyveball or refracting system or hoth.

The vision in this eye, the left eye, was 20/200, ahd could not be
improved -substantially by correction. ‘The patient stated that prior to
fifteen years ago there was, so far as he knew, no vision. An exami-
nation for central scotoma gave negative results, That is, while the
test whject was seen vaguely at the center, it was seen equally clearly
there and in the field surrounding the center for 15 to 20 degrees in
all directions, A test with the Haitz charts showed that when both eyes
were open the vision in this eve was entirely suppressed. When the
right eye was closed, however, the figure for the left eye was seen.
When both eyes were open there was no observable deviation in either
eve; but when the right eve was closed the left immediately turned
inward and took a fixation approximately 25 degrees from the median

plane. It will be remembered from the chart that the nearest approach
to emmetropia in the left eve was at an eccentricity of 25 degrees in
the temporal field. When using this eye alone, the patient apparently




T e

i o T 5o

turned the eye inward about 25 degrees in order that objects in front
should be in the line of least refractive error and the clearest 1magc
be formed on the retina,

In the course of the examination of the eye the blind spot was
mapped on the tangent screen of the Ferree-Rand perimeter with a
0.5 degree white stimulus on a black background. With the eye turned
toward the centéer of the arc of the perimeter, the fixation object could
not be seen with sufficient clearness to give satisfactory control of
fixation. In order to securc a correct fixation, the left eye was lined
up by means of the telescope inserted in the hollow axle of the perimeter.
A large fixation cross (3 cm. in diameter) was moved along the hori-
zontal meridian temporalward to the point at which it could be seen
most clearly. The highest visibility was attained at a point approxi-

mately 25 degrees from the center of the arc. This, it will be remem-.

bered was the poi’nt in-the field at which there was the smallest error
of refraction, 0.5 dmpter simple h\peropu. astigmatism.  With the
fixation object at this poinf, a {airly satisiactory control of fixation
was secured and a map of the blind spot was made.

CONCLUSION

Attention m'ly he called to the following pomts as mcentlves for a
wider study of the refractive situation in the peripheral field:

The possibility of determining both the type and the amount of
refractive error at every point in the nasal and temporal halves of
the horizontal meridian as far out as (0 degrees by a method that is
reasonably feasible, satisfactory and accurate.

2. The important relation which “the refractive conditions in the
peripheral field sustain to acuity in the peripheral field, to achromatic
and chromatic seusitivity in peripheral vision and the limits of the form
and color ficld, and to the ancmalics and irregularities in peripheral
space perception. Tn this condection it may be noted that the conditions
for the formation of an image are so bad for uh_iects' in the pcripheral
field that one can ouly mancl that peripheral vision is as good as it is,
and that the peripheral portions of the retina should have attained
as high a development as they have,

3. The ability to detect and determine the amount of refractive
asymmetry in the two halvex of the field of vision, and the possibility
of determining within rather wade limits in cases of refractive asym-
metry whether the defect is mothe refracting system and its placement
in relation to the axis of viwan, ar in the conformation of the retina
or shape of eveball, nr in heth;
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4. The possible bearing of asymmetrical refraction in the peripheral
field on the explanation of cases in which central vision cannot be sub-
stantially improved by correction it eves which show no central scotoma,

5. The role which asymmetrical refraction may play in cases of
ocular deviation and the hearing that the demonstration of such a
copdition may have on treatment. . '

6. And, finally, the possibility of deternvining roughly the conforma-
tion of the retina and the shape of the posterior half of the cyeball
by refracting the eye for the peripheral field ; of obtaming information
as to the comparative length of eyeball and strength of refracting system
in both emmetropic and ametropic eyes, and of estimating with a fair
degree of certainty the relative importance of length of eyeball and
strength of refracting system as causal factors in the refractive defect
in hyperopic and myopic eyes.




